'the framework provided for consumer demand and producer supply interrelationships.
The model developed in this study extends previous work in two ways. First, the behavioral equations are specified without imposing any restrictions on input substitutability or diversity among firms in the industry. Second, by focusing on specification of reduced-form retail and farm price equations, the modeling approach allows estimation of the foodmarketing sector's supply/demand structure without direct information on retail food quantities. This capability is important because direct estimates of retail quantities for disaggregated food commodities are frequently unavailable.
The conceptual model is applied to a set of eight food commodities: (a) beef and veal, (b) pork, (c) poultry, (d) eggs, (e) dairy products, (f) fresh fruits, (g) fresh vegetables, and (h) processed fruits and vegetables. Consistency of the empirical model with competitive marketing group behavior is evaluated through imposing and testing the parametric restrictions of symmetry and constant returns to scale implied by theory. Flexibilities and elasticities of demand for farm outputs are then derived. Finally, the derived demand elasticities for the interrelated farm outputs are compared with the elasticities derived using the traditional methodology based on fixed input proportions.
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A Conceptual Framework
The traditional approach to modeling derived demand for food at the farm level assumes fixed proportions between the farm product and marketing inputs in producing the retail product. Derived demand for the farm product is obtained by subtracting per unit marketing costs from the retail demand function for the product (Tomek and Robinson, chap. 6). Because changes in per unit marketing costs correspond to changes in the farm-retail price spread, derived demand for the farm output can be obtained directly by subtracting the marketing margin from the retail demand function. By assuming that price spreads are a combination of constant absolute amounts and constant percentages of the retail price, derived demand elasticities can be obtained as products of elasticities of demand at the retail level and elasticities of price transmission between the retail and farm prices. This procedure is explained in George and King.
Using a market equilibrium model of the food-marketing sector, Gardner criticized the traditional methodology by demonstrating (p. 406) "that no simple markup pricing rule-a fixed percentage rule, a fixed absolute margin, or a combination of the two-can in general accurately depict the relationship between the farm and retail price." Only for fixed proportions is this approach expected to be valid. Moreover, the traditional approach to obtaining derived demand elasticities by multiplying retail elasticities by elasticities of price transmission is correct only if input proportions are fixed.
It is conceptually appealing to view farm output as an input in food processing and marketing. The food-marketing sector produces a plethora of products (for at-home and awayfrom-home consumption) from any given raw material, so opportunities for substitution between marketing services and raw food quantities appear to exist. Unfortunately, for most disaggregated food commodities data are not available on the final quantities consumed, so knowledge of the food-marketing sector's technology cannot be obtained through estimation of the parameters of the cost function, as in Dunn and Heien. Rather, knowledge of the aggregate technology must be inferred An extensive critique of the traditional methodology for estimating derived demand for food commodities is found in Wohlgenant. through estimation of reduced-form behavioral equations of the marketing sector.
Conceptually, the complete structural model for a particular commodity,2 assuming perfect competition in the output and input markets, takes the following form: where Qrd is quantity of the retail product demanded, Pr is the retail price, Z is an exogenous retail demand shifter, QrS is quantity of the retail product supplied, Pf is the farm price, W is an index of marketing input prices in food marketing, Qfd is the quantity of the farm product demanded, and Qf is the quantity of the farm product supplied. The retail supply and farm-level demand functions are explicitly obtained as horizontal summations of the supply and demand functions of individual firms, where i denotes an individual firm. If some inputs are held fixed, the functions could be expanded to include these fixed inputs as parameters. For convenience, these fixed inputs are subsumed in the supply and demand functions. Finally, in (Id) the quantity of the farm output is assumed to be predetermined with respect to the current period farm price. The assumption that supply of the farm product is a function of lagged, rather than current year, prices is based on biological lags in agricultural production processes. Using equations (la) and (lb) to eliminate Qr, the system (la)-(lf) may be written as the two-equation system: is the price elasticity of retail supply of the ith firm. Restrictions among the elasticities at the firm level imply restrictions among the elasticities for the industry-level behavioral relations. First, the condition that output supply and input demand functions are homogenous of degree zero in prices at the firm level implies that the industry behavioral equations will be homogenous of degree zero in prices. Because retail demand functions are also homogenous of degree zero in prices and income, this restriction implies that (3a) and ( To determine the signs of the reduced-form parameters of (8a) and (8b), first observe that the reciprocal of Aff is the industry derived demand elasticity for the farm product, holding prices of other inputs constant. Heiner showed that this elasticity is unambiguously negative in the short run, even with diverse firms in the industry. Moreover, because the retail supply elasticity (,rr) is positive and the retail demand elasticity (e) is expected to be negative in all normal cases, this situation implies by (9f) that D > 0. This result immediately implies, because fs < 0, that Arz has the same sign as ez, which should be positive in all normal cases. If the farm product is a normal input-which seems plausible for the com-modity aggregates analyzed in this studythen srf is negative (Ferguson) , and sfr is positive in view of (6). This implies by (9c) that Ar < 0, and by (9d) that Afz takes the same sign as ez. Finally, the signs of Ar and Afy are generally indeterminate because of the sign of sf, is ambiguous.
A question of interest in the present study is whether or not it is possible to obtain unique values for the :'s and e's from the reducedform parameters in (9a)-(9f). In general, the answer is no because the system is underidentified; that is, there are six reduced-form parameters and eight elasticities of the structural equations. However, if values of the retail demand elasticities (e and e,) are known, then unique estimates of the 5's can be obtained. Estimates for the structural retail supply and farm-level demand elasticities, given values for the retail demand elasticities, are Even if the retail demand elasticities are not known, values for the supply and demand elasticities (except err) can still be determined from the reduced-form estimates. Also, when e, = 1 (that is, when dlnZ is defined as the proportional shift in retail demand from a 1% increase in demand), then by the symmetry restriction (6)
This restriction is a linear cross-equation restriction on the reduced-form retail and farm price equations for given values of the farmer's share of the retail dollar (Sf).
Another parameter of interest is n, the elasticity of price transmission between the farm and retail prices. Upon solving (8b) for dinQf and substituting into (8a), it can be shown that the elasticity of price transmission is related to the reduced-form parameters as follows:
In this study, there is also interest in testing for a constant-returns-to-scale aggregate production function in light of the extensive use of this model in past research (e.g., Gardner). The implications of constant returns to scale for the relationship among elasticities in the reduced-form equations (8a) and (8b) can be derived through use of the equations provided by Muth in the special case where the supply elasticity of the farm output is zero and the supply curve of marketing inputs is perfectly elastic. Expressions for proportional changes in retail price and farm price in this case can be characterized as This restriction could also be obtained by assuming the retail supply curve is perfectly elastic. (Note that the limit of ,rr goes to infinity as B approaches zero, as implied by 14a-14b.)
Empirical Specification
In going from the conceptual framework in the previous section to an empirical specification of retail and farm price behavior, three separate issues must be resolved. These issues are (a) selection of appropriate functional forms for equations (7a) and (7b), (b) specification of retail demand shifters subsumed in the variable Z, and (c) development of formulas to calculate total effects of exogenous retail demand shifters, marketing costs, and farm output quantities on retail and farm prices. In general, the functional form specification for econometric analysis of (7a) and (7b) for all items. Imposing the homogeneity restriction and symmetry restriction (11) makes the parameter estimates of (15a) and (15b) consistent with the theories of industry behavior specified previously. Also, given the homogeneity and symmetry restrictions, it is possible to impose and test for the implications of a constant-returns-to-scale industry production function according to (14a) and (14b). Specification of the form of Z is particularly important in order to make the parameter estimates of (15a) and (15b) internally consistent with the consumer demand estimates. Theoretically, in the context of a system of consumer demand functions, the total differential of retail demand for the ith commodity in elasticity form can be written Conceptually, the partial elasticity of Qr with respect to Z, ez, should equal one because (17) shows the impact on demand of a 1% increase in demand. However, values for the cross elasticities of retail demand and income elasticity for each commodity are required in order to construct such a variable. The approach taken here is to use internally consistent demand elasticities estimated from previous research. A point of concern is whether use of extraneous information to construct values for (17) involves circular reasoning, because values for these parameters are typically estimated from retail quantity data which are derived as fixed proportions of farm output disappearance data. This is problematical, but the procedure in obtaining estimates of (17) for arbitrary values of the retail elasticities is theoretically consistent with the theory of consumer behavior and specification of retail and farm price behavior. Moreover, the first part of (17), which depends on related retail prices, may be viewed as a price index in itself. Indeed, this price index may be viewed quite generally as a divisia price index, with weights chosen as cross elasticities of demand instead of commodity consumer expenditure shares. Because in a time-series context, prices and income are typically highly collinear, the index (17) ought to be relatively insensitive to the particular weights chosen for the price and income variables. The validity of this specification is tested using the Hausman specification test, as explained below.
The third issue to consider prior to the empirical analysis is development of formulas to calculate total effects of exogenous changes on retail and farm prices. The problem with using (15a) and (15b) directly is that retail and farm prices for a given commodity depend upon retail prices of other commodities, which also depend on retail price of the commodity in question.3 Substituting (17) into (15a) and (15b) and rearranging terms yields the following system of retail and farm price equations: Huang (personal communication, 1986) . These elasticity estimates globally satisfy the homogeneity condition and locally satisfy the symmetry and Engel aggregation conditions at the 1967-69 average values for the commodity consumer expenditures. They were estimated using the composite demand system of Huang and Haidacher. The commodities included in his model consist of (a)-(h) listed above plus (i) fish, (') sugar, (k) fats and oil, (1) cereals, (m) beverages, and (n) nonfood. Farm price linkages for (i)-(m) were not included either because appropriate data were lacking or it was impossible to identify a corresponding raw product for the corresponding retail product.
The marketing cost variable is the index of food-marketing costs (Harp) . The time period for estimation is 1956-83, with 1955 used to generate the initial values for the firstdifference variables. A detailed discussion of data sources, transformations, and data imputations can be found in Wohlgenant (appendix B).
Equations (15a) and (15b) were estimated for the eight different food commodities (a)-(h) by the joint generalized least-squares technique (Theil) with and without the symmetry restriction (11) and the constant-returns-toscale restrictions (14a and 14b) imposed.
Unrestricted ordinary least squares (OLS) estimates of (15a) and (15b) for the eight sets of price equations are displayed in table 1. With a few exceptions, the parameter estimates are consistent with prior expectations. Retail demand shifters, measured by AInZ, and farm output variables are generally highly statistically significant determinants of retail and farm prices. Except for fresh fruit, increases in retail demand are positively related both to retail and to farm prices. With the exception of processed fruits and vegetables and fresh fruit, all farm price flexibilities are larger than one in absolute value. This pattern of change is broadly consistent with previous empirical work (Fox, Waugh, Dunn and Heien). The marketing cost index often displays a sign contrary to prior expectations, but it is statistically insignificant in virtually every case.4
As indicated above, the Hausman specification test can test for the consequences of specification errors in construction of the AlnZ variables used in the reduced-form retail and farm price equations. Hausman's testing pro-4 Lack of statistical significance of the deflated marketing cost index suggests that the marketing cost index could have been used as a deflator rather than the CPI because (15a) and (15b) are homogenous of degree zero in all nominal values. The deflated marketing cost variable was entered as a separate explanatory variable because it was not known prior to estimation how well this variable would account for movements in nonfarm input
prices. cedure requires an efficient estimator under the null hypothesis and a consistent estimator under the alternative hypothesis. In the present case, the efficient estimator is OLS when AlnZ is appropriately specified. However, if the wrong weights (i.e., cross elasticities and income elasticities) are chosen in constructing AlnZ, then AlnZ will be correlated with the disturbance term and OLS will be inconsistent. In this case, a consistent estimator is the instrumental variable estimator. In this application, the instrumental variable for AlnZ is the least-squares projection of AInZ on all the predetermined variables of the model. The predetermined variables are changes in logarithms of the quantities of the farm outputs for the eight food commodities, retail prices for the other food and nonfood commodities, per capita income, the marketing cost index, and population.
The Hausman test is implemented by estimating augmented specifications of the retail and farm price equations with predicted values for AInZ included as explanatory variables (Hausman, p. 1260) . Under the null hypothesis of no specification bias, the coefficient of the predicted value of AlnZ will be zero, so a simple t-test can be employed.
In addition to testing for the consequences of wrong weights on the price and income variables in AlnZ, the Hausman test in this case is also a test for simultaneous equation bias in the OLS regressions (see fn. 3). This is because the variables used in constructing predicted values for AInZ are precisely the predetermined variables one would include in the first-stage regression of the two-stage least squares estimator, which is a consistent estimator when retail and farm prices are jointly determined with AlnZ.
The results of the Hausman test uniformly indicate failure to reject the null hypothesis that AlnZ is exogenous, with the smallest marginal significance level larger than 0.1. Moreover, in every case the coefficient estimates changed little when predicted values for AlnZ were added, suggesting that the results are robust to alternative estimators.5
Symmetry [equation (11)] and constantreturns-to-scale restrictions [equations (14a)
and (14b)], given symmetry, were imposed and tested. Symmetry was imposed at the 1967-69 average values of the farmer's share of the retail dollar.6 Except for fresh fruits, the computed F-values all had marginal significance levels greater than 0.1. Thus, for the most part, food processing-marketing behav-5 A referee expressed concern about the assumption of fixed supplies of farm products. For example, Thurman argues that the supply of poultry is not predetermined in a one-year period. The assumption of predetermined supply was tested jointly with the hypothesis of exogenous Z for all commodities except beef and veal, pork, and dairy products. The instruments used were the same as indicated in the text, with one-year lagged values used for the hypothesized endogenous farm quantity variables. The Hausman tests were conducted by including predicted variables for AInZ and AlnQf and employing anf-test as described by Nakamura and Nakamura. As in the previous case, the results of the Hausman test uniformly indicate failure to reject the null hypothesis of predetermined supplies and exogenous Z. 6 Average 1967-69 share values for Sf by commodity are as follows: beef and veal (0.65), pork (0.55), poultry (0.52), eggs  (0.62), dairy (0.47), processed fruits and vegetables (0.20), fresh  fruits (0.32), and fresh vegetables (0.33) . ior can be characterized as competitive with constant returns to scale in food processing and marketing.
Fully restricted economic estimates of (15a) and (15b) for the eight sets of price equations are shown in table 2. Except for processed fruits and vegetables and fresh fruit, the parameter estimates are very similar to the unrestricted OLS results presented in table 1. For processed fruits and vegetables and fresh fruit, signs on quantity of the farm output in the farm price equation are reversed from the unrestricted estimates. However, these variables are insignificant and, even for the unrestricted estimates, take on implausibly low values. These inconsistencies suggest aggregation and/or data problems with these two commodities. Processed fruits and vegetables is a very heterogenous category, and fresh fruits includes significant retail products having no U.S. counterparts (e.g., bananas).
Given the maintained hypothesis of constant returns to scale, structural parameters of marketing group behavior are derived for all commodities except processed fruits and vegetables and fresh fruits. some cases (e.g., beef and veal  and dairy products) , the estimates are quite large suggesting substantial opportunities for input substitution. In order to determine whether the elasticity of substitution estimates in table 3 are sig- where SE(Aff) is the estimated standard error for Aff derived from table 2. The estimated t-values for the six commodities are reported in table 3. Only for poultry is the null hypothesis of fixed input proportions not rejected. Therefore, it is important to allow for input substitutability between farm oultputs and marketing inputs in food processing and marketing.
Flexibilities and Elasticities
Using the equations in table 2 and extraneous estimates of the consumer demand elasticities for the food products, the set of equations shown in (19b) is used to calculate a matrix of total effects of exogenous demand and supply shifters on farm-level prices. This estimated matrix for beef and veal, pork, poultry, eggs, dairy products, and fresh vegetables is shown in table 4. While total effects of demand and supply changes on prices for processed fruits and vegetables and fresh fruits are not included here, the unrestricted retail price equation estimates from table 1 were included in By solving the system of equations (19b) for percentage changes in farm quantities, we obtain total elasticities of derived demand for the farm outputs. These values are shown as the first elements of each column in table 5. Again, the results are broadly consistent with previous findings. All own-price elasticities are less than one in absolute values; and the majority of the cross-price elasticities are positive, indicating substitutability among farm outputs. The main difference from previous results is that, except for poultry, farm-level demands are nearly as large as or larger than the corresponding retail elasticities. This difference occurs because of substantial substitution opportunities as indicated in table 3. This result is consistent with the analysis of Gardner, who showed that derived demand for the farm product can be more elastic than retail demand.
The traditional methodology for obtaining derived demand elasticities for farm products is to multiply elasticities of price transmission times retail demand elasticities (George and King). When there are constant returns to scale, the elasticity of price transmission equals the farmers' share of the retail dollar. This relationship can be seen by using (11) and (14b) in (12). The equivalent of the traditional methodology to assuming o-= 0 can be seen from (21). The own-price elasticities of derived demand by this procedure are shown in parentheses in table 5. They are considerably smaller than those when fixed proportions restriction is not imposed. Indeed, except for poultry, the own-price elasticities in table 5 are at least 40% larger in absolute value. Given the magnitude of the errors from using the traditional formulas, special care should be taken in using this methodology for calculating derived demand elasticities.
Conclusions
In this paper, a conceptual and empirical framework for estimating demand interrelationships at the farm level is presented. The modeling approach is quite flexible in that no restrictions need be placed on input substitutability or diversity among firms in the industry. Moreover, by imposing the restrictions of theory on reduced-form retail and farm price equations, the parameters of the marketing sector's supply/demand structure can be estimated without direct information on retail quantities. This finding is important because direct estimates of retail quantities for disaggregated food commodities are frequently unavailable. The modeling approach was applied to estimation of retail and farm prices for eight separate food commodities. The empirical results were consistent with the theoretical specification of competitive marketing group behavior. Moreover, except for one commodity (fresh fruits), the results were consistent with an aggregate technology for food processing and marketing that is characterized by constannt returns to scale. The results also indicate that an important parameter characterizing foodmarketing behavior is the elasticity of substitution between the farm product and marketing inputs. Estimates of elasticities of substitution were derived for beef and veal, pork, poultry, eggs, dairy products, and fresh vegetables. Except for poultry, these elasticity of substitution estimates indicate substantial substitution possibilities in food-marketing industries. A significant implication of input substitutability among farm outputs and marketing inputs is that the derived demand elasticities for farm outputs are considerably larger (in absolute value) than when the assumption of fixed input proportions is imposed. Indeed, except for poultry-where insignificant input substitutability was found-the own-price elasticities of derived demand for farm outputs were at least 40% larger in absolute value than those obtained under no input substitution. This finding implies that the traditional meth-odology of obtaining derived demand elasticities by multiplying elasticities of price transmission by elasticities of retail demand can lead to substantial underestimation of derived demand elasticities. Thus, analysts should use reduced-form derived demand specifications for farm outputs in order to obtain more realistic estimates of derived demand elasticities.
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